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Chapter 1. Introduction  
 
1.1 Problem description  
 
Open any newspaper or (scientific) journal and you will find several articles concerning 
climate change and its disastrous effects in our planet. Climate change poses one of the 
biggest challenges of our times. Scientists of all different backgrounds are involved in 
finding ways to mitigate the effects of climate change on the environment. Most of this 
research is focused on finding more sustainable ways of producing and consuming. Also, 
archaeologists are getting involved more and more, recognizing some of the useful 
contributions that their discipline has to offer to this debate, especially when talking about 
agriculture. Agriculture has been practiced for centuries all over the world and 
archaeology provides a special window of opportunity for studying these practices. Many 
archaeologists have looked at how communities in the past dealt with climate change, 
mostly focusing on agricultural and water management in past societies (Anderson et al. 
2013; Gutmann-Bond 2010; Kaptijn 2017). 
  This research will look at agricultural practices in the rural parts of the Central 
Andes. This is a geographical zone that ranges all the way from the south of Colombia to 
the Maule river in Chile (Quilter 2014, 24). This area is nowadays characterized by high 
poverty rates and a small and scattered population. The region is characterized by 
heterogeneous agricultural practices. Most families rely on small scale subsistence 
farming, supplemented by off-farm activities because, in many cases, the income from 
farming alone cannot support a family (provide a sound financial base for healthy living 
conditions) (World Bank 2017, 33). Not only is agriculture in the Central Andes socially 
unsustainable, it is also environmentally unsustainable: it is degrading land and soil.  
 Agriculture in the Central Andes has not always been defined by unsustainable 
practices. Archaeological research in the area has provided a wealth of insight into past 
agricultural practices (Denevan 2001). These practices include ancient terraces (Kendall 
2005; Kendall and Rodriguez 2009) Raised fields (Erickson 2002; Kolata 1991), Sunken 
gardens or Q’ochas and other practices such as irrigated fields, dykes, and water 
reservoirs (Denevan 2001; Erikson 2002). These practices were developed over many 
years and were well adapted to the capricious climate conditions of the Andes. Before the 
arrival of Spanish colonists, agriculture in the Central Andes sustained large, thriving 
populations, producing enough food to feed the local population (Kendall 1984, 262). 
Much of this agricultural infrastructure now lays abandoned. Estimates suggest that 
around 75 percent of all terraces are no longer in use (Denevan 2001, 183). Furthermore, 
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this percentage is even higher for raised fields since all knowledge of raised field farming 
had disappeared from the area (Erickson 2013, 726).  
  Over the years, attempts have been made to revive ancient agricultural practices 
in the Central Andes. These efforts have focused on the rehabilitation of pre-Columbian 
agricultural infrastructure, as a sustainable alternative to current agricultural practices. 
This thesis will have a closer look at two of those projects; the raised fields in the basin of 
Lake Titicaca and the terraces in the Cusichaca valley. Both projects will be explored for 
their successes and failures and to understand how they relate to current themes in 
sustainable agriculture. This investigation does not only contribute to archaeological 
research, but also to a wider discussion of sustainability and the possibilities of 
employing archaeological research as a source of knowledge in present and future 
agricultural development.  
 
1.2 Research question  
 
This research will look at ancient agricultural practices in the Central Andes and will 
explore what we can learn from these practices in terms of the development of sustainable 
agriculture in the present and future, focusing on the role of archaeological research. 
Therefore, the main question in this research will be: 
How can knowledge of pre-Columbian agricultural practices in the Central Andes 
contribute to more sustainable agriculture in the present and future? 
In order to answer this question the following sub-questions will be explored: 
1. When can agriculture be seen as sustainable? 
2. What are the most common agricultural practices used in the Central Andes today? 
3. What evidence of agricultural practices in the do we find in the archaeological record? 
4. What are possible ways to integrate information from past practices into the present? 
 
1.3 Thesis outline  
 
The theoretical aspects of the research will be discussed in the second chapter of this 
thesis. The first section of the chapter will provide a broader framework including the 
wider issues to which this research is related such as sustainable development and 
sustainable agriculture. Afterwards the role of applied archaeology in this thesis will be 
provided. This section will be followed by a short explanation of the geographical setting 
in which this research takes place. Afterwards a short history of agricultural practices in 
the Central Andes will be provided, originating from the archaeological record all the 
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way to present-day.  
  Chapter three will look at two case studies in applied archaeology that have both 
focused on the revival of ancient agricultural technologies in order to solve present day 
challenges. First a brief methodology will be given, followed by the first case study that 
focuses on the terraces in the Cusichaca valley in Peru. The second case study will look at 
raised field agriculture in the basin of Lake Titicaca in Peru and Bolivia. Chapter three 
will be concluded with a comparison of the two case studies.  
  In chapter four the two case studies from the previous chapter will be analyzed 
for their level of sustainability. This will be done according to different components that 
are provided in a research about sustainable agriculture by Sydorovych and Wossink 
(2007). This chapter will be divided into three different sections. Each section will be 
looking at a different component of sustainability. The three different components of 
sustainability are: ecological sustainability, economic sustainability and social 
sustainability.  
  Finally, chapter five will provide a discussion of the findings, followed by a 
conclusion. Some of the findings show that archaeology can provide a lot of information 
on the construction and use of ancient agricultural practices. However, what stand out 
most is the fact that the changes in social organization since the arrival of the Spanish 
have made it difficult to fully reintegrate the rehabilitated agricultural practices among 
present-day farmers. As a result, the social and economic aspects of agricultural 
sustainability are not up to standard. This is unfortunate since the terraces and raised 
fields discussed in chapter three are environmentally more sustainable compared to the 
current agricultural practices in the present-day Central Andes.   
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Chapter 2. Theoretical Background  
 
 
2.1 The bigger picture  
 
Before looking closer at sustainable agriculture, it is important to consider what is 
understood by the term ‘sustainable’. The term ‘sustainable development’ is widely used 
but not always clearly defined. In 1987 the World Commission on Environment and 
Development defined sustainable development as: “Development that meets the needs of 
the present without compromising the ability of the future to meet their own needs.” 
(WCED 1987, “Chapter 2: Towards Sustainable Development”, para. 1). Sustainable 
development is now the key principle for global development and is put on the universal 
agenda of all countries (United Nations 2017, 2). In 2015 the United Nations introduced 
the sustainable development goals. These are seventeen goals that can be considered to be 
the main objectives for development worldwide. These sustainable development goals 
will in the next fifteen years try and tackle the big issues of our time for people, planet 
and prosperity. These big issues include climate change, poverty, and world hunger 
(www.un.org sustainable development goals). All national governments are expected to 
develop their own strategies in achieving the goals (www.un.org, sustainable 
development agenda).  
  A very important principle in designing with sustainability in mind is the use of a 
closed loop system. This means that resources are mined, used and reused within the 
same production cycle. In a perfect system, the output of resources would be used again 
as input without having been degraded. This is largely not possible as there are always 
resources lost in the cycle and natural systems are never fully closed since they always 
rely on external factors for their energy (Fiskel 2003, 5332). Therefore, the goal of 
sustainability is to aim for as little waste as possible. Other important factors in analyzing 
a system for sustainability are the temporal and spatial scales. The spatial scale is used for 
describing size, length, distance or area studied or described. Before analyzing a system, 
it is important to clearly state such boundaries. For example, results of a study will differ 
when considering sustainability of a single site (raised fields in the Lake Titicaca basin or 
terraces in the Cusichaca valley), a larger region (e.g. the Central Andes), a continent 
(South America) or at the world as one connected ecosystem. The temporal scale, the 
lifetime of a system, also plays an important role in analyzing systems for their 
sustainability, since time is one of the best indicators when looking at sustainability. In 
this thesis, archaeological research can be considered as the temporal scale. Archaeology 
provides a very large time scale in which the agricultural practices can be analyzed.   
9 
 
 
2.2 Sustainable agriculture   
 
The food system contributes to around one third of all global anthropogenic greenhouse 
gasses, 19-29%. Of this percentage, 80-86% is caused by agricultural production 
(Vermeulen et al. 2012, 198). A large amount of the agricultural greenhouse gases is 
caused by a conversion of natural environment into productive farming lands, especially 
in South America since agricultural products are the main source of exports (Smith et al.  
2007, 505). Other main contributors of the rise of greenhouse gases are an increase in 
cattle populations, the conversion of cropland areas for rice and soya bean, and the use of 
nitrogen fertilizers (Smith et al.  2007, 505). The emissions caused by agriculture in Peru 
alone have increased enormously over the last twenty-five years (see fig. 1).  
 
  
The development of more sustainable agriculture plays an important role in combating 
these rising emission and climate change in general. However, just as sustainable 
development can be defined in a number of ways, so too can sustainable agriculture. 
These difficulties arise mainly because sustainability in agriculture is approached from 
three different perspectives. An environmentalist perspective, an economic perspective 
and a sociological perspective (Conway and Barbier 1990, 9-10). One definition of 
sustainable agriculture used by Conway and Barbier is “the ability to maintain 
productivity, whether of a field or farm or nation, in the face of stress or shock” (1990, 
37). In other words: sustainable agriculture should produce sustenance without depleting 
Figure 1. Increase of emissions (CO2eg) from agricultural activity in Peru (FAOSTAT, www.fao.org). 
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the earth's resources or polluting its environment. Like nature, it should be a self-
sustaining system and furthermore, should in fact take into account social values (Earles 
and Williams 2005, 1). 
  Sydorovych and Wossink (2007) have proposed a method that can be used for 
analyzing agricultural sustainability. Their method combines a scientific theoretical 
framework with practical actions and decisions, acknowledging that the scientific value 
of a research does not necessarily contribute to the successful functioning of a method 
when applied (Sydorovych and Wossink 2007, 10). The method takes into account 
different stakeholders and the specific context in developing attributes for analyzing 
agricultural sustainability (Sydorovych and Wossink 2007, 11). These stakeholders 
include sustainability experts, farmers, government officials and non-governmental 
organizations (NGO’s) (Sydorovych and Wossink 2007, 12). They have come up with a 
graph that can serve as a checklist with the most important factors of a sustainable 
agricultural system (see fig. 2). The graph divides agricultural sustainability into four 
different categories: economic, internal social, external social and ecological. Every 
category contains a list of different attributes concerning the given category (Sydorovych 
and Wossink 2007, 13). This graph will be used in this thesis as a guideline for exploring 
the level of sustainability of the ancient agricultural practices in the Central Andes. It is 
important to note that this graph is based on research in North and South Carolina in the 
United States and therefore might not represent the optimal attributes for agricultural 
sustainability in the Central Andes. However, it does provide a useful guideline for 
exploring the different components of sustainable agriculture. Also, it is not possible to 
make a one-to-one comparison of agricultural practices in the past and the present since 
there are no baseline studies available (Erickson 2002, 349). However, attempting to 
make this comparison can not only provide important insights in sustainability via the 
two case studies, but also point out what information is still missing.  
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Figure 2. List of Sustainability indicators by Sydorovych and Wossink (2007, 13) 
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2.3 Applied archaeology   
 
“Applied Archaeology is the anthropologically informed study of the human past, 
primarily through material remains, with a goal of employing the knowledge gained from 
this research to improve the human condition in the contemporary world” (Erickson 
1998, 34-35).  
When approaching big questions such as climate change and sustainable agriculture from 
an archaeological background, it is easy to arrive at applied archaeology. This branch of 
archaeology that developed in the 1980’s has focused on the more socially engaged part 
of archaeology and looks at the practical applications that archaeology has to offer 
(Kendall 2005, 205). The discipline of applied archaeology should be considered as the 
backdrop of this thesis. 
  It is important to note that the different types of applied archaeology vary greatly: 
Downum and Price have subdivided applied archaeology in seven different categories to 
show the different applications of archaeology nowadays (1999). Some of these 
categories include public education and cultural resource management but also 
technological applications such as the knowledge of archaeology in solving technological 
problems, including the rehabilitation of archaeological agricultural techniques (Downum 
and Price 1999, 229).  
  Stump (2010) highlight the importance of a clear distinction between applied 
archaeology and the usable past. Stating that the two have very different aims but are 
often used interchangeable. He states that applied archaeology as meant in this thesis can 
be defined “the potential for reusing technologies or local resource exploitation strategies 
as discerned wholly or partially through archaeological investigation” (Stump 2010, 269). 
Applied archaeology of this sort is successful when a model or reconstruction is 
functional, even though the methods applied might not be fully based on archaeological 
knowledge (Stump 2010, 278). The usable past uses western data applied in a non-
western context to make interpretations that could benefit modern society (Stump 2010, 
276). 
  There are different debates concerning the role of applied archaeology. Some 
archaeologist believe that the discipline of archaeology is important on its own, 
suggesting that archaeology is primarily a scholarly subject that generates knowledge for 
knowledge’s sake. Other archaeologists believe that applications of archaeology are 
nowadays inevitable. Downum and Price state that almost every archaeologist nowadays 
is involved in some form of applied archaeology (1999, 227). Taking this even further is 
Shannon Lee Dawdy, who has suggested that archaeology as a whole should become 
more socially engaged to solve contemporary problems, this is something she refers to as 
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‘futurist archaeology’ (Dawdy 2009, 142).  
  This thesis will mainly focus on what Downum and Price have listed as the 
technological applications of applied archaeology. The technical applications of applied 
archaeology look at the different ways in which ancient agricultural techniques can 
contribute to solving contemporary problems. With growing attention on climate change 
worldwide, different scientific disciplines are getting involved in solving some of the 
issues that concern their field of research, archaeology is a prime candidate to contribute. 
In the search for solutions, future technologies and new innovations are often praised. 
However, in some cases, old agricultural methods that have been developed over long 
periods of time have proven to be more sustainable and more efficient in terms of crop 
yield then the methods used today (Gutmann-Bond 2010 ,356). There have been plenty of 
studies looking at how archaeological research can help solve modern-day challenges 
around climate change, namely, ancient water management practices. The Andes is one of 
the areas where archaeological research has actively contributed to rehabilitating some of 
the ancient water management technologies (Lane 2015, 7). Two of these studies will be 
discussed in more detail in this thesis.  
  Because of its long-term perspective of the past, archaeology can prove to be a 
useful tool to solve issues concerning more sustainable means of agricultural production 
(Kaptijn 2017, 1). Looking at how communities in the past dealt with climate change can 
contribute to better adaptations in the future (Kaptijn 2017, 2). Climate change has a large 
impact on human culture and natural environments (Anderson et al. 2013, 255). 
Archaeology can provide insights into how people in the past responded and adapted to 
climate change. Giving plenty of examples of how people dealt with changing conditions 
in the past (Anderson et al. 2013, 247), because prehistoric people used the same 
landscapes and sometimes even more successfully than nowadays (Erickson 2002).   
   Using archaeological knowledge to solve present-day problems is a worthy 
endeavor,however, there are also some things to consider before assuming that the past 
can help solve problems related to the resilience of societies in face of climate change. It 
remains very important to realize that archaeology can never provide a complete picture 
of the past and that it should not be assumed that the behavior of people in the past is 
based on a positive relationship between peoples and their environment. Some of the 
changes in water management can be caused by, for example, ideological or social 
reasons (Kaptijn 2017, 4). Lane points out that a large part of the archaeological research 
concerning these practices should focus on the social context of their use. A valuable 
piece of information concerning the possible contributions of archaeology to modern 
society will be missing when ancient systems are rehabilitated without any knowledge of 
social aspects which led to their successes and failures in the first place (Lane 2015, 11). 
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2.4 Regional background  
 
The Central Andes is a very diverse region, both environmentally and cultural. The next 
section will provide a short background looking at the geography, climate, and 
agricultural practices in the region throughout (pre)history.   
 
2.4.1 Geography and Climate 
 
The Andes mountain range is a mountain range on the south American continent, also 
referred to as the spine of South America. The Andes is a relatively young mountain 
range that extends from the north all the way to the south of the continent, close to the 
pacific coast on the west of the continent. Because of its position, the continent can be 
subdivided into three distinctive zones. the coastal region (costa), the mountains (sierra) 
and the tropical forests (selva) (see fig. 3).  
  In this thesis, the focus will be on the sierra of the Central Andes. The Central 
Andes is also defined as a cultural region that covers the geographical extent of the 
former Inca empire at its height (Quilter 2014, 24). When looking at a modern map of 
Latin America, the Central Andes stretch all the way from the south of Colombia through 
Ecuador, Peru, Bolivia, parts of Chile and Argentina to the southern edge of the Maule 
river, 260 km south of the capital of Santiago in Chile (see fig. 4 for a map of the Central 
Andes)(Quilter 2014, 24).   
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The three environmental zones in Peru (figure by author) 
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The sierra can again be subdivided into different ecological zones. There are 
several different classifications of the ecological zones in the Andes. One widely used 
classification is by the Peruvian Geographer Pulgar Vidal, who has subdivided the Andes 
into eight vertical environmental zones (see fig. 5). These environmental zones all have 
different climate conditions and are used for the cultivation of different crops. 
  These zones include the chala zone or the desert coast that ranges from sea level 
up to 1,000m above sea level, this zone is very suitable for agriculture because of the 
climate conditions, flat terrain, reliable irrigation water and favorable position close to 
consumption and export centers (World Bank 2017, 32). The chala is followed by the 
yunga zone, which ranges from 1,000m to 2/3,000m above sea level. In this zone 
agriculture takes place and is mostly characterized by the production of chili peppers, 
cacao and tropical fruits (Quilter 2014, 32).  
  The quechua zone is located on 2,500m to 3,300m above sea level. Many crops 
grow can be found: most importantly maize,  types of fruits and vegetables as well as a 
variety of grains such as tarwe and quinoa (Kendall and Rodriguez 2009, 172).  
  Just passed the quechua zone is the suni zone, perched at 3,000m to 3,5/4,000m 
above sea level. In this zone mostly tubers, different kinds of potatoes, quinoa (Kendall 
and Rodriguez 2009, 172) and different imported grains such as barley are cultivated. The 
Figure 4. Map of the Central Andes with a focus on the research area (figure by author) 
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puna, 3,500-3,8/4,800m above sea level, is the highest zone of human occupation. 
Characterized mostly by camelid herding (Quilter 2014, 33), the puna is home to different 
types of potatoes and other tubers (Kendall and Rodriguez 2009, 172).  
  The highest zone in the Andes, janca, ranges from 4,800m to 6,768m above sea 
level. This zone has no human habitation or agriculture because of the high altitude, cold 
climate and ice and snow. On the eastern slopes of the Andes mountains are two more 
zones: the high tropical forest also known as the Selva Alta, located between 400 and 
1,000m above sea level, and Selva Baja, a low tropical forest underneath located between 
80m and 400m above sea level (Quilter 2014, 33).  
 
     Figure 5. The 8 ecological zones classified by Pulgar Vidal (Quilter 2014, 31) 
 
Not only is the geography of the Andes very diverse, the climate in the Andes is 
variable depending on the location. The Andes mountain range divides into two ranges 
and forms a large plateau at 4000m above sea level (Garreaud 2009, 3). This plateau, also 
known as the Altiplano, has its own microclimate. It is characterized by lower 
temperatures, low air density and high solar radiation due to altitude (Garreaud 2009, 6). 
The altiplano is very dry throughout the year with an exception of the rainy season that 
lasts from November to March. This is a period of substantial rainfall (Garreaud 2009, 6).  
The effects of el Niño also referred to as ENSO (el Niño Southern Oscillation) are also 
felt in the Andes and around the altiplano although less than at the coast. Causing warmer 
temperatures during el Niño episodes (Garreaud 2009, 7). Next to the large differences in 
rainy and dry season are also daily variations in temperature. Great temperature 
differences can occur between day and night. Temperatures that drop below freezing are 
not uncommon in the Andes. This is due to the lack of cloud coverage more so  than 
changes in solar radiation (Winterhalder 1993 in Posthumus 2005, 33).    
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2.4.2 Pre-Columbian agricultural practices in the Central Andes 
 
Most information about the many different ancient and agricultural practices in the Andes 
in pre-Columbian times come from archaeological research. Firstly, there are the fields 
that are irrigated through the use of canals (Denevan 2001, 137) but also through other 
structures such as for example water reservoirs and dikes (Denevan 2001, 157). Canals 
collect the water from natural streams and springs and distribute the water through 
different irrigation channels onto the fields. This makes it possible to manage the amount 
of water that enters the fields which also contributes to less sediment deposits in the 
canals (Denevan 2001, 146). Irrigated fields can be found throughout Latin America from 
the coastal plains on the pacific coast to the altiplano and also on the Caribbean coast 
(Denevan 2001, 138).  
  Another irrigation method known in the Andes is the used of sunken fields also 
referred to as Qochas or Cochas. These are pits dug in the ground that fill with 
rainwater. The sides and bottoms of these cochas are then cultivated (Denevan 2001, 
165). The cochas are only found near Lake Titcaca, in the puna ecological zone (Denevan 
2001, 165).  
  Next to the irrigated fields are also terraced fields. The different types of 
terraces have been classified based on their morphology (Denevan 2001, 175). First of all, 
the cross-channel terraces and the sloping field terraces. These two types of terraces 
involve mostly natural and controlled run-off. Bench terraces and broad field bench 
terraces involve irrigation (Denevan 2001, 175-6). It is estimated that nearly 75 percent of 
all the terraces in the Andes are now abandoned (Denevan 2001, 183). Terraces appear in 
the Quechua, suni and puna ecological zones (Kendall and Rodriguez 2009, 172). The 
initial construction of terraces in the Andes dates to the Early Horizon (around 800-200 
BC) (Kendall and Rodriguez 2009, 30). 
  Finally, the last main category of ancient agricultural practices in the Andes are 
raised and drained fields. These are also referred to as camellones in Spanish or waru 
waru in Quechua. Raised fields appear in different places in the Andes, but only in 
wetland areas or areas that are partially flooded. Locations include modern day Peru, 
Bolivia, Ecuador, Colombia and Venezuela (Denevan 2001, 222). A large distribution of 
raised fields is located around Lake Titicaca in the Puna ecological zone. However, raised 
fields also appear at the desert coast (Erickson 1992, 286). The raised fields around Lake 
Titicaca appear to have been constructed as early as 1000 BC. (Erickson 1988b, 12) 
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2.4.3 Post-conquest agricultural development in the Central Andes 
 
 With the arrival of the Spaniards, the agricultural landscape in the Andes changed 
drastically. Most of the intensely farmed lands of the Incas were abandoned. This 
abandonment was mainly due to imported Spanish diseases which spread to the local 
population and killed a tremendous amount of indigenous people. Not only foreign 
diseases, but also forced labor under harsh conditions such as mining led to the fast 
demise of the indigenous community (Henderson 2013, 76-77).  
  Some of the land became part of large haciendas that belonged to the Catholic 
church (Kendall 2005, 207). These haciendas were major pieces of land which were first 
controlled by the Spanish conquistadors. Most of these haciendas were profitable for the 
agriculture practiced on the land and were often located in the highlands. The coast was 
characterized by the development of chacras, medium sized estates (Henderson 2013, 75) 
that were often engaged in sustaining cultigen monocultures, such as wheat, that the 
Europeans introduced (Henderson 2013, 76). The displacement of many indigenous 
communities and the change from reciprocity to market economy led to the loss of 
traditional forms of agriculture and the control over the different vertical zones, which 
allowed the exploitation of agriculture at different altitudes (Henderson 2013, 80). The 
Spanish conquistadors did not see the need to maintain the large agricultural 
infrastructure build by the Incas and their predecessors, which led to their decay over time 
(Kendall 1997, 141).     
  After the independence of the Spain the hacienda communities remained an 
important from of the agrarian structure in Peru (Velazco and Pinilla 2017, 3). Until the 
1950s agriculture was the main sector in the Peruvian economy through the export of 
different agricultural products (Velazco And Pinilla 2017, 3). From the 1950s onward, 
Peru changes from being a net agricultural exporting country to a net importer of 
agricultural products. The agricultural production could not keep up with the increasing 
population, therefore the country turned to import of agricultural products (Posthumus 
2007, 3; Velazco and Pinilla 2017,3) 
   In 1969 the agrarian reform was implemented by General Velazco. The main 
objective of this reform was to change the land ownership relations. Land previously 
owned by haciendas were expropriated and given to the laborers that worked on them.  
Even though the land ownership changed through the agrarian reform, the agricultural 
structure remained very similar. Many of the former haciendas became agricultural 
cooperatives and only a limited percentage of the land became privately owned by 
families (Velazco and Pinilla 2017, 10).  
  Not long after their establishment, these new agricultural cooperatives were 
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dissolved, and the land was distributed among the members of local communities that 
worked on the land. As a result, agriculture in the highlands is nowadays very 
fragmented, consisting out of many smallholder farms (Velazco and Pinilla 2017, 10-11). 
  Agricultural production has since increased from the 1990s onwards, but more 
land is devoted to export-oriented, non-traditional crops such as coffee and cocoa 
(Velazco and Pinilla 2017, 8). However, Andean farmers were not able to benefit from 
this increase in production (Posthumus 2007, 3). As production of non-traditional crops 
increased, traditional Andean crops such as potato and maize were grown less and less. 
This is mainly due to the low productivity of Andean farmers, high transport costs, 
around 25-30% of the final price (Kendall and Rodriguez 2001, 2), the high risks 
involved in agricultural production in the Andes, and the lack of access to urban markets 
(Posthumus 2007, 3). 
 
2.4.4 Current state of agriculture in the Central Andes 
 
The agricultural practices discussed in this thesis are located in the sierra region. 
However, agricultural development in all three zones will be explained in more detail to 
provide an overview of current state of agriculture in the region.  
 Overall, land-use in Peru has changed with 9,5% in the last twenty to twenty-five 
years. Almost half of this change in land use can be contributed to the conversion of 
natural lands into to agricultural lands (World Bank 2017, 13) The coastal and the sierra 
area both have a high contribution to the agricultural gross domestic product (GDP). with 
the coastal area contributing about 44 percent and the sierra region 42 percent. The selva 
region only contributes 14 percent. These percentages are based on the monetary 
measurement of all agricultural goods and services in 2015 (World Bank 2017, 17).   
  The composition of the agricultural sector in Peru is very diverse. On the one 
hand, about 2 million small farms, with less than 10 hectares of lands. These are mainly 
small family-driven subsistence farms. On the other hand, there are about 25 thousand 
large-scale commercial farms that consist of more than 100 hectares of lands. 
  Finally, there are also between the 225 and 250 thousand mid-sized farms that 
have between 10-100 hectares of land. These farms are mainly focused on commercial 
agriculture albeit with a mix of family and hired labor (World Bank 2017, 31-32). 
  This division of the agricultural sector is mostly related to the three different 
regions in the country. The coastal region is dominated by highly intensive and 
productive agricultural systems. Mainly because of the favorable climate, level terrain, 
and the reliability of irrigation water and the location to consumption and export centers 
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(World Bank 2017, 32). The sierra region is still dominated by many small-scale farms 
that are mostly subsistence oriented. Many of the farms are scattered over a diverse range 
of microclimates that take advantage of the different environmental niches. The 
agricultural production is often not big enough to provide all the subsistence needs. This 
often results in farmers needing to rely on external earnings (World Bank 2017, 32). 
Agriculture in the selva region is mostly dominated by indigenous livelihood strategies of 
hunting, fishing and gathering and complemented with small scale slash and burn 
agriculture. However, some parts of the selva are now opened for commercial agriculture, 
mostly of coffee, cocoa, fruits and oil palm (World Bank 2017, 33).   Even though the 
agricultural lands in Peru has almost doubled since the 1960’s. Most of the agricultural 
lands remains highly fragmented. Most of the farmers, around 71 percent still operate on 
a subsistence level. Most of these small farms lacking sufficient livestock, land or 
infrastructure, making their living condition very poor (World Bank 2017, 35).  
 
2.5 Conclusions 
 
As seen in this chapter, there has been a long history of agricultural practices in the 
Central Andes. Sophisticated agricultural techniques were already developed in pre-
Columbian times to adapt to the different ecological zones that are distinctive of the 
Andean environment. However, the conditions in the Andes have changed a lot 
throughout history. Disease, exploitation and ignorance have eventually led to the 
abandonment and decay of most of the ancient agricultural infrastructure. Applied 
archaeology, among other things looks at the possible future applications of ancient 
agricultural practices. These new applications of ancient practices, when employed 
according to the principles of sustainable development, can provide insights into 
problems such as climate change. 
  The next chapter will look more closely at two case studies in the Central Andes, 
that have studied ancient agricultural practices through a multi-disciplinary approach. The 
first case study looks at ancient terraces in the Cusichaca valley in Peru. The second case 
study focuses on the raised fields in the basin of Lake Titicaca. Both projects have 
combined archaeology, agricultural studies, and anthropology in order to gain better 
insights in the working of these agricultural practices, eventually leading to their 
rehabilitation. Apart from this research, both projects have also contributed to rural 
development in the Central Andes and the reintroduction of ancient farming practices as a 
solution to rural poverty and an inequality.  
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Chapter 3. Two applied archaeology case studies 
 
 
3.1 Methods   
 
The following discussion of applied archaeology looks at two previous archaeological 
projects in the Central Andes. The raised fields project in the basin of Lake Titicaca and 
the terrace rehabilitation project by the Cusichaca Trust in the Cusichaca valley and to 
some extent an additional project by the Cusichaca Trust, the Patacancha project (see fig. 
6 for the location of the case studies). 
  These projects have both researched pre-Columbian agricultural practices in the 
Central  Andes and have looked at what we can learn from these practices, both for 
archaeological research and rural development. They have rehabilitated the ancient 
agricultural practices, rebuilding and restoring the abandoned terraces and raised fields. 
Both cases are different from traditional archaeological practices in that they convert 
archaeological knowledge into a practical application that can be used in the future 
(Stump 2013, 278). Not only does studying the past provide valuable information for 
future applications, but these applications in their turn can provide new insights into the 
archaeological data (Stump 2013, 278).  
  The information about these projects is collected through a literature research and 
through personal communication with the archaeologists and agronomists that have 
worked for the Cusichaca Trust.  
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Figure 6. Map with the locations of the case studies (figure by author) 
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3.2 Case 1: Terraces in the Cusichaca Valley. A project by the Cusichaca Trust. 
 
“It is not common to use archaeology to find solutions to contemporary problems, but the 
experience of the Cusichaca Trust's work demonstrates that a combination of field 
archaeology and multidisciplinary research can lead to creative new approaches for 
rural development, giving archaeology a truly social function.” (Kendall 2005, 205) 
 
The Cusichaca Trust is a Charitable Trust founded by Ann Kendall in 1977. The Trust 
has used archaeological research of pre-Inca and Inca agricultural systems to develop 
programs for sustainable rural development in the Central Andes. The Trust has mainly 
executed two large development projects. The first one is the small pilot program in the 
Cusichaca valley, the Cusichaca rehabilitation project, from which the Cusichaca Trust 
owns its name. This project mainly focused on the restoration the ancient Quishuarpata 
canal. The second much larger Patacancha project focused on the restoration of Inca 
canals and the rehabilitation of 160 hectares of terraces (see fig. 7 for the location of the 
two projects) (Kendall 1997, 745).  
 
 
 
 
Figure 7. Map with the location of the Cusichaca rehabilitation project and the Patacancha project 
 (The Cusichaca Trust n.d., The Patacancha Project pamphlet.) 
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3.2.1 Type of agricultural infrastructure  
 
Terraces, also andenes in Spanish, are one of the most widespread and well-adapted 
agricultural methods of the Andes. This case study focuses on the ancient terraces in the 
Cusichaca valley and the Patacancha valley in Peru and the research and rehabilitation 
work that has been done by the Cusichaca Trust under the direction of Ann Kendall. 
 
3.2.2 Location 
 
Terraces appear in many places in the Andes. The terraces discussed in this case study are 
located in the Cusichaca and for some parts in the Patacancha Valley in the district of 
Ollantaytambo in Peru. This district lays in the heartland of the Inca empire, close to the 
sacred Urubamba valley. A large part of the agricultural lands in the valley were 
cultivated for the Inca state. Kendall (1984, 262) has estimated that the agricultural 
production in the valley could have supported a population of 1500-2000 people at 
minimum. This is without the surplus that was cultivated on the government lands for 
export and religious purposes. This surplus could additionally support four times this 
population estimate elsewhere (Kendall 1984, 262). 
  The use of the different types of terraces is often dependent on the ecological 
niche in which the terrace is located. Kendall and Rodriguez have used the classification 
by Pugar Vidal (elaborated in the previous chapter) for explaining the location and 
environmental characteristics of the different terrace systems. The most productive zone 
for agricultural cultivation on terraces is the quechua zone but cultivation in higher zones 
is also possible with the right terraces and good sunlight (Kendall 1997, 743).  
 
3.2.3 Form and chronology  
 
Kendall and Rodriguez (2009) have defined four different types of ancient terraces that 
can be found in the Andes. The first type, type 1, constitutes of horizontal platforms with 
slightly oblique retaining walls, between the 5 and 15 degrees. This type of terraces is 
generally associated with irrigation. The design of the terraces varies from rectangular, u-
shaped and sometimes round. These terraces are the most effective and stable type of 
terrace in the Andes (Kendall and Rodriguez 2009, 82-84).  
  Type 2 terraces are similar to the previous but have platforms that are lined by 
vertical retaining walls. This type of terrace occurs with and without irrigation and is 
most widely distributed throughout the Andes. Most of these terraces occur between the 
2,400 and 3,600m above sea level or even higher around the Lake Titicaca basin (Kendall 
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and Rodriguez 2009, 89-92).  
  The type 3 terraces are less elaborated then the previous ones and have more 
simplified retaining walls. They are mostly located in the suni ecological zone around 
3,500m above sea level and are good for dry cultivation of potatoes and other tubers 
(Kendall and Rodriguez 2009, 95).  
  The last type, type 4 are also referred to as labranzas. This type can also be 
described as fields with a high angled slope, with natural scrubs growing at the edges of 
the terraces. This type of terracing is very old and appears throughout all pre-Columbian 
periods. They have no platform or retaining walls and are very basic (Kendall and 
Rodriguez 2009, 97-99).  
 
There were four different types of terraces detected in the Cusichaca area by Ann Kendall 
and her colleagues (2005). These types are partially corresponding with the typology 
mentioned above.  
  First the high-quality Inca agricultural terraces, they date to around AD 1440-
1532 (See fig. 8). They are the most sophisticated forms of terraces and correspond with 
type 1. Secondly, there are the Inca-period rehabilitation of late pre-Inca terraces (type 2 
terraces). Most visible today are the Pre-Inca terraces that date to AD 1000-1440, they are 
also classified as type 2 terraces. Type 3 terraces are not found in the Cusichaca area 
since they are mostly replaced by more sophisticated (type 1 or 2) terraces in Inca times 
(Kendall and Rodriguez 2009, 141). Finally, there are also many low-investment and 
unirrigated terraces that correspond with type 4 of the classification (Kendall 2005, 210). 
  Modest size terraces were present in the area from AD 1050-1300. Around AD 
1300 the most sophisticated Inca terrace construction was taking place (Chepstow-Lusty 
and Kendall 2006, 192) 
 
 
 
 
 
 
 
 
 
   Figure 8. A schematic transverse-section of prime Inca platform terracing (type 1). 
  Drawing by A. Kendall (Kendall 2005, 206). 
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3.2.4 Functions and benefits  
 
Terrace farming has many advantages and the practice is well adapted to the environment 
of the Andes. First of all, terraces enable cultivation on steep slopes where agriculture in 
would not be possible without this form of modification. Terraces do not only enable 
cultivation, they also have a positive effect on the environment.  
  Terraces mitigate the risks of dry land environments and tackle issues such as soil 
erosion and run-off, thereby reducing the risks that changes in participation and climate 
that can pose to agricultural production (Kendall 2005, 209). Preventing soils erosion is 
not only good for the agricultural production but also safeguards different ecosystem 
services, such as carbon sequestration, nutrient cycling, water retention and the 
production of food and fibers (Posthumus 2007, 2).  
  Another advantage of terrace farming especially of pre-Inca and Inca terraces is 
that they can create a warm sub-climate. The sun during the day is heating up the stone 
retaining walls of the terraces. These stones keep in the heat for a long time which 
prevents the crops from freezing at night (Gerard den Ouden, pers. comm.). The amount 
of solar radiation taken in by crops on terraced slopes is higher compared to cultivation 
on a non-terraced slope. 
  There are also social advantages to terrace farming. Ancient terraces are often a 
popular tourist attraction because of their impressive appearance. This can serve as an 
additional source of income. Well maintained terraces contribute to better ecosystem 
functioning and a good relationship with the environment is often important in Andean 
societies (Posthumus 2007, 2).   
 
3.2.5 Research project 
 
The Cusichaca Trust has carried out several rural development projects in the Central 
Andes. What is central in the projects of the Cusichaca Trust is the goal to alleviate 
poverty in the communities where the research takes place. 
  The first project, the Cusichaca rehabilitation project can be seen as the pilot 
project of the Cusichaca Trust. The agricultural project in the Cusichaca valley was 
executed between 1977 and 1987 (Kendall 1997, 743). The work of the Cusichaca Trust 
originated from an interest in archaeology but soon also developed a more social aspect, 
realizing that neighboring communities could possibly benefit from the research (Gerard 
den Ouden, pers. comm.). The Cusichaca rehabilitation project mainly focused on the 
restoration of the Quishuarpata canal. This canal was one of the main sources for 
irrigation water in the area and had been out of use for some time. The restoration of the 
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Quishuarpata canal eventually led to the irrigation of 45 hectares of land (Kendall 1997, 
744).  
       Different types of research were conducted prior to the rehabilitation activities, 
including archaeological research, environmental studies and surveys of the soils, terraces 
and canal structures. In addition, social studies of farming communities at 2300 to 4100m 
altitude were conducted (Kendall 1997, 743).  
  Archaeological reconnaissance was conducted before the start of the first field 
season in 1978 (Drew 1984, 345). The reconnaissance of the wider area contributed to a 
more complete picture of the settlement patterns and communication systems of the Late 
Intermediate Period and the Late Horizon (Drew 1984, 345).  
  The canals and terraces were researched through excavations. Some trenches 
were cut across pre-Inca and Inca terraces to show their soil composition and structure. 
This showed that the terraces were partially reworked throughout the Inca period (Keeley 
1984, 332). Locations for sections on pre-Inca terraces included terraces at Carpamayoc, 
on the Huillca Raccay pampa and at Quishuarpata (see fig. 9 for the location mentioned 
in the text) (Keeley 1984, 328). For the Inca terraces locations were right below the town 
of Patallacta. Three pits were dug in a large terrace below Patallacta, showing the soil 
profile of the terrace (Keeley 1984, 330).  
  Not only the terraces, but also the associated irrigation systems were studied. 
This research was conducted by Farrington, studying the main canal route, engineering of 
the irrigation systems and the construction of the terraces in relation to the present-day 
fertility (Kendall 2005). Three trenches were excavated and surveyed along the length of 
the canal. These excavations contributed to the knowledge of how the canals were 
constructed and how the irrigation system functioned. Farrington (1980) also conducted a 
detailed study of the discharge and water velocity of the irrigation system. Research on 
the irrigation systems in the Cusichaca valley has shown that the maintenance of the 
irrigation system is not very high and that most tasks associated to their cleaning and 
repairing can be fulfilled in a day (Farrington 1980, 288). 
  Next to the research of the terraces and canals, also associated settlements in the 
vicinity were excavated. Much of the excavation were focused around the Inca 
promontory fort of Huillca Raccay. The excavations lasted 5 years and in total twenty-
two buildings and open areas were excavated to establish the occupation activities at the 
site (Hey 1984, 291).In addition numerous pottery studies were conducted by Sara Lunt 
on the pottery that came from the excavated areas at Cusichaca (Lunt 1984, 307). 
  It is difficult to date terraces because they have been used over a long period of 
time and have been reworked several times during their use. Most of the terraces were 
dated by looking at the fill of the terraces or through the association to sites (Kendall 
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1984, 255).  
  Research looking at contemporary evidence was also conducted, among others by 
Gerard den Ouden, an agronomist, who cartographer out the complete area and made an 
inventory of all the contemporary agricultural practices. Botanical and ecological studies 
provided information on all the plants and animals living in the area (Gerard den Ouden, 
pers. comm.). 
Because the Cusichaca Rehabilitation Project was relatively small, it was possible to 
execute the terrace restoration in the dry season from May/June-august, in between the 
agricultural cycles  (Kendall 1997, 744). The traditional technologies were used as much 
as possible and only materials that were found in the vicinity of the site were used 
(Kendall 1997, 744), avoiding modern materials such as cement, that make the terraces 
more susceptible to damage in case of natural disasters such as earthquakes (Kendall 
2005, 217). Not only through archaeological research but also through local knowledge, 
some materials became clear that were not possible to find in the archaeological 
record, such as the use cactus juice and llama grease in the construction of the terraces 
(Kendall 2005, 211). 
  The second project by the Cusichaca Trust, the Patacancha Project, was much 
larger than the Cusichaca Rehabilitation Project. It concerned 221 families and 160 
hectares of terraces that needed to be restored. Even though the Patacancha project still 
used the application of ancient infrastructure as the base for their development program, 
the focus of the project was more on the rural development then on the archaeological 
research. Next to restoring the ancient terraces the Trust also initiated other projects, such 
as a tree-nursery projects of native tree species, potable water systems that were based 
partly in pre-Columbian infrastructure, introducing vegetable gardens that could 
contribute to the diet, building of greenhouses that could expand the types of crops that 
can be grown at certain altitudes, and finally the introduction if a worm/compost system, 
promoting natural fertilizer instead of chemical fertilizers that harm the environment 
(Kendall 1997, 748).  
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Figure 9. The Cusichaca drainage area settlement pattern: Late Prehistoric sites and landsystems (Kendall 1984, 256-258). 
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3.2.6 Social context for abandonment and reuse 
 
Kendall and Rodriguez state that the most sustainable farming practices in past were 
developed in the sierra, or highlands (2009, 63). This was mainly due to the difficult 
climatic condition of the region, which made the ancient farmers devoted to developing 
fitting strategies that would mitigate the effects of strong winds, ice, flooding and drought 
that are common in the Central Andes (Kendall and Rodriguez 2009, 63).  
  The ancient agricultural terraces developed under very different social conditions 
than the ones nowadays. The main factors contributing to their abandonment after the 
Spanish conquest are the introduction of new foreign diseases. These diseases have 
demised the indigenous population substantially. In addition, many people were relocated 
to different places or were send to work in the mines. These factors led to a decrease in 
the maintenance of the terraces and eventually to their decay and abandonment (Kendall 
and Rodriguez 2009, 71).  
  The decrease of the  indigenous population also led to the disappearance of parts 
of the traditional Andean social organization. The disappearance of the mit’a workforce 
which obligated the farmers to work on the terraces and the disappearing association 
between faenas, community working days in which individuals work together in the 
service of the community (Erickson 2002, 325) and religious festivals for the 
agriculturalists (Kendall 2005, 217), contributed to further decay. Other more social 
factors could be changes in economic strategy, or the exploitation of other resources and 
the lack of people willing to work in the terraces (Kendall and Rodriguez 2009, 68). 
  The main environmental causes of abandonment of pre-Inca and Inca terraces can 
be contributed to landslides and the lack of irrigation water (Kendall and Rodriguez 2009, 
68). Yet, the archaeological evidence shows that many of the damaged and destroyed 
terraces were reconstructed during later periods (Kendall and Rodriguez 2009, 69).  
   Nowadays, farmers are moving more and more from the rural areas into the big 
cities in search of better opportunities. Most of the farmers do not feel the need to 
maintaining terraces on land that they do not longer own. In addition to this there is 
limited crop growth on non-irrigated fields and the threat of fertilizers, insecticides and 
herbicides is getting bigger (Kendall and Rodriguez 2001, 1).  
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The reasons for rehabilitating terraces personal and dependent on various factors. These 
factors include the costs, assistance by NGOs or the government and the location of the 
farm.  
  The price of rehabilitating terraces is highly dependent in the state in which they 
occur. In some cases, such as in Ollantaytambo it is only necessary to renovate the 
irrigation systems and the main canals because the terraces are still in good shape. When 
this is not the case, the cost of rehabilitation can be up to two to three times higher 
(Kendall and Rodriguez 2009, 238). The help of NGOs and the regulations between the 
different communities also play an important role in the final costs of the rehabilitation 
project (Kendall and Rodriguez 2009, 238). But as indicated by Erickson (2003) NGOs 
do not always contribute in a beneficial way to the rehabilitation and development of 
agricultural practices. 
  Additionally, the personal preferences of the farmers have a large influence on 
the use or discontinued use of agricultural practices. Most of these decisions are based on 
the expected profit and risks that are involved in the adoption of a newly introduces 
technology (Abadi-Ghadim and Pannell 1999, 151). The attitude towards risks is very 
personal for most farmers, depending on factors such as the skill and knowledge and 
previous experience with similar innovations (Abadi-Ghadim and Pannell 1999, 152). 
One example of this was given by Gerard den Ouden. In the time he spent working for 
the Cusichaca Trust he came across various occasions in which farmers, rather than 
investing in the rehabilitation of ancient terraces, would eventually turn to off-farm 
activities instead (pers. comm.). Even if these off-farm activities would not provide a 
structural increase in income stability that terraces rehabilitation would. 
  A study by Helena Posthumus has looked at the adaptation of modern bench 
terraces in the Peruvian Andes (2005). This study looks at the adaptive behavior of 
farmers in employing soil and water conservation measures such as bench terraces. The 
study has shown that the use of bench terraces has the potential to be more productive 
compared to non-terraced fields. However, farmers have to make use of the improved 
growing conditions that are related to terrace farming, thus introducing improved 
agricultural practices such as sowing techniques, crop fertilization and crop rotation 
(Posthumus 2005, 111).  
  Whether farmers will eventually adapt a newly introduced farming method, 
depends highly on the personal circumstances of farmers and the location of the 
farmlands (Posthumus 2005, 111). Farmers that have less access to fertile lands and do 
not have a great source of off-farm income are more likely to adopt terrace farming 
(Posthumus 2005 ,111). 
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3.2.7 Projects self-evaluation  
 
Both the Cusichaca rehabilitation project and Patacancha project have generated many 
positive results. The satisfaction after completing the rehabilitation work has positively 
benefited the moral of the local farmers, leading the development and execution of more 
local development programs, such as the expansion of a local school and the building of a 
chapel (Kendall 1997, 744). Other examples of development in the area are training of 
paramedics, equipment and training for a blacksmith, construction of a small reservoir, 
rotating seed capital and storage structure, and the building of a new bridge over the 
Urubamba river to provide better access for local farmers to export their goods and to 
provide better access for tourist walking the Inca Trail to Machu Picchu (Kendall 1997, 
175).   
  The restoration of the Quishuarpata canal has led to the irrigation of 45 hectares 
of land (Kendall 1997, 744). The results remained mainly positive during the re-
evaluation of the project a couple years later. All of the irrigated area remained 
successfully cultivated, and plans were made to extend the amount of land (Kendall 1997, 
745). Eventually the Cusichaca Trust has rehabilitated over 235 hectares of land back in 
Cusichaca and Patacancha. This has ensured and increase in productivity of over 1000 
percent in the Cusichaca area. In Patacancha over 250 vegetable gardens were grown 
every year (Cusichaca Trust n.d., Agricultural Expansion in the Andes- Highlands of 
Peru). The Trust has over the years published several useful guides in Spanish and 
Quechua that explain the process of reconstructing the terraces and the related irrigation 
systems step by step. It explains how to go about establishing the nature of the terraces, 
how to clean them and what materials should and should not be used in the process 
(Kendall and Green 1997). The Cusichaca rehabilitation project was a small project 
involving only 17 families. However, this first pilot project showed that this type of 
endeavor had the possibility of being successfully applied to other areas in the rural 
Central Andes (Kendall 1997, 745). 
  According to the Trust, part of their success can be attributed to the role that 
traditional technology has played in all the aspect of their research and rehabilitation 
work. The use of traditional tools, local knowledge and local materials have led to a better 
acceptance of introduced projects (Kendall 1997, 748).  
  However, according to Gerard den Ouden, the Trust has to some extent also 
failed to involve the community in a sustainable matter. Other NGOs in the region 
provided more attractive short-term incentives to the farmers, which made it hard to 
always involve the community. If the interest of the community in their own heritage is 
lacking it is difficult to find ways to motivate them to continue the work after the 
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development projects (Gerard den Ouden, pers. comm.). 
  The work of the Cusichaca trust has mostly ended. Ann Kendall is not in 
directing the project anymore and she played a central role in the Trust work. Much of the 
work of the Trust has been recorded, however the Trust has lacked in the processing of 
the data and in publishing new findings. Most of the materials were stored in a large 
shipping container in Cuzco and have only recently been brought shipped to University 
College London to be archived (Gerard den Ouden, pers. comm.).  
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3.3 Case 2:  Raised fields in the basin of Lake Titicaca. A project by Clark 
Erickson 
 
“The reconstruction of raised fields in the Lake Titicaca Basin illustrates the role 
archaeology can play in developing alternative technologies. Because raised field 
agriculture was completely abandoned in the Andes, archaeological methods provide the 
only means to understand the history of the system and to develop models for its proper 
rehabilitation.”(Erickson and Candler 1989, 231) 
 
The raised fields in the basin of Lake Titicaca also provide a very good example of 
applied archaeology, using past agricultural knowledge for a contemporary purpose. The 
landscape in the Andean highlands is often perceived as a difficult environment for 
farming because of the unpredictable and changing weather conditions. However, before 
the arrival of the Spaniards the Lake Titicaca basin sustained a large thriving population 
supplemented by a large agricultural production (Erickson 1998, 38). 
 
3.3.1 Type of agricultural infrastructure  
 
Raised fields are elevated planting platforms that are raised by digging canals adjacent to 
the platforms and placing the soil from the canals on top of the platforms (Erickson 1992 
,289). They are one of the best studied cases of landscape transformations in the Andes. 
The fields were first reported by Max Uhle in the 19th century and from the sixties 
onward studied by many archaeologists including Clark Erickson (Erickson 2013, 724). 
This section will focus on his research in the area and the construction and rehabilitation 
work following the research.  
 
3.3.2 Location  
 
Raised fields are only effective in permanent wetland areas or areas that are prone to 
seasonal flooding (Erickson 2002, 40), this includes areas that are close to rivers, lakes 
and streams but also marshes and swamps (Erickson 1993, 379).   Raised fields 
are found all around the shores of Lake Titicaca, but most of the research done by 
Erickson has focused on the fields that are located on the north-western side of Lake 
Titicaca in the small community of Huatta, in present day Peru (See fig. 10 for the 
location of the raised fields discussed in this case study). The raised fields surrounding 
Lake Titicaca are located at a very high altitude, around 3800m above sea level. These 
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lands are often described as very marginal and unsuitable for agricultural production. 
However, raised field experiments have shown that traditional Andean crops such as 
potatoes, tudeocas, ullucus, isañus, quinoa, cañihua, tarwi, and altiplano maize can be 
easily grown at these altitudes (Erickson 2002, 336). Most likely there were also other 
types of genetic indigenous crops adapted specifically to cultivation on raised fields. 
These crops are likely to have gone extinct at the time of raised fields abandonment 
(Erickson 1988a, 247).  
  The landscape at Huatta can be divided into two types, the cerro and the pampa. 
The cerro, also referred to as the hillslopes, is very fragile due to erosion and over 
cropping (Erickson and Candler 1989, 233). The pampa, the low-lying grasslands that are 
partially inundated, is  not as much degraded as the cerro landscape but is not used to its 
fullest potential. Most of the area is not in use at all or has deteriorated (Erickson and 
Candler 1989, 233).  
 
 
Figure 10. Map with raised fields locations around Lake Titicaca, including Huatta  
(figure by author after Erickson 1988a, 12). 
 
 
36 
 
3.3.3 Form and chronology  
 
The raised fields in the basin of Lake Titicaca vary greatly in morphology. The 
differences in field design are the result of the different “labor and social units” that 
constructed the raised fields (Erickson 2002, 326). They have been classified by Smith et 
al. (Smith et al. 1968 in Erickson 1988a, 19) into six major categories: open 
checkerboard, irregular embanked, riverine, linear, ladder, and combed fields (see fig. 11 
for the different field types). 
 The type of field that is most found near Huatta is the open checkerboard type 
(Erickson 1988a, 19). Also present but less common is the irregular embanked pattern 
(Erickson 1988a, 22).  The riverine pattern does appear on the Huatta pampa and is often 
associated with elevated levees of abandoned or seasonal river and streams (Erickson 
1988a, 24). The linear pattern is not common for the Huatta Pampa but occurs 
occasionally (Erickson 1988a, 25). The comed and ladder field patterns are not found 
around Huatta (Erickson 1988a, 26).  
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 11. Patterns of prehistoric raised fields in the Huatta Area based on 
sections of aerial photographs (Erickson 1988a, 21) 
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Erickson suggests that raised fields have been constructed over a time span of more than 
2000 years (Erickson 2002, 336). However, it has proven quite difficult to date the use 
period of the raised fields. The pieces of ceramics within the fill of the raised fields that 
are used for dating are dated by thermoluminescence, which does not always provide 
accurate results. According to Erickson the raised field agricultural practices began 
already in the Initial Period (1800-900 BC), or during the Early Horizon (900-200 BC) 
(Erickson 2002, 335), possibly as early as 1000-800 BC, associated with the Chiripa and 
Qaluyu cultures (Erickson 2013, 724). Afterwards raised fields in the Huatta region are 
associated with the Pukara culture (200BC-AD300). The raised fields build between 600-
1000 AD are related to the Tiwanaku cultures (Erickson 2013, 724). Erickson argues that 
raised field agriculture was abandoned just prior to or soon after the Spanish conquest. 
  The dates suggested by Erickson are much debated among researchers. Kolata, 
who has conducted his own research on the Bolivian side of Lake Titicaca suggests that 
raised field construction on a large scale only began after AD 600 and continued until 
around AD 1150 (Janusek and Kolata 2004, 425). He Suggests that a period of extreme 
drought made raised field farming infeasible. Erickson however argues that raised field 
farming continued and even flourished during this period of drought and climatic change 
(Erickson 2002, 335).  
  These great differences in the dating of the raised fields have mostly to do with 
underlying ideas about the social organization of the communities engaged in raised field 
farming. Kolata (1991) suggests that large scale, regional raised field construction was 
only possible when managed on a higher level. This suggests that the Tiwanaku state 
initiated raised field construction during the Middle Horizon.   
  Erickson proposes a more bottom-up view of the raised fields social organization. 
He suggests that the raised fields were controlled and managed on a local level, with the 
biggest organizational unit being the Ayllu. The Ayllu can be explained as the basic 
political and productive unit in the Andean society (Spalding 1984, 28). Often based on 
kinship but also on the acceptance of the same ritual and productive responsibilities 
(Spalding 1984, 28). This argument for a local level of organization is substantiated by 
findings from of the experimental research in Huatta. The experiments showed that it is 
possible for an individual farmer to construct 1 cubic meter of raised fields per hour and 5 
cubic meters of fields in a working day (Erickson 2002, 336). Raised fields managed and 
maintained by small groups, or families proved more successful. Working with a smaller 
group can avoid some of the tensions that often arise in community projects (Erickson 
2003, 193). 
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3.3.4. Functions and benefits  
 
Raised field agriculture has many positive benefits both environmentally and 
economically (see Fig.11 for an overview of the different environmental benefits).  
Raised fields in wetland areas can contribute to soil improvement, increasing the soil 
fertility by increasing the topsoil depth, using the soil from the adjacent canals (Erickson 
1996, 173-4). Raised fields also improve the drainage of waterlogged soils (Erickson 
1988b, 9). All this can lead to an increase in biodiversity and an improvement of the 
carrying capacity of the wetland environment (Erickson 2002, 335).  
  The canals in between the fields might have been used for the cultivation of 
aquatic plants and fish, and to attract lake birds that possibly contributed to the diet 
(Erickson 1988b, 9). Raised fields and their associated canals capture, produce, and 
recycle soil nutrients. The canals provide green manure for the fields when periodically 
cleaned, renewing the topsoil (Erickson 1993, 379). The aquatic plants add nutrients to 
the soil and work as a natural fertilizer (Kolata 1991, 103). Another role of the canals is to 
mitigate frost damage. The water in the canals heats up faster during the day and slowly 
cools down at night. This promotes heat conservation at night and prevents the plants and 
seedlings from freezing (Kolata 1991 ,103). 
  Renard et al. suggest that raised field farming might be a good solution in 
wetland farming, since wetlands are special and sensitive ecosystems. They are realistic 
in thinking that wetland ecosystems will be further exploited in the future because of the 
growing need for agricultural production. They state that raised fields can be a solution to 
the continuous exploitation of the wetland environment because they work together with 
the environment. Raised fields enhance some of the special features of wetlands instead 
of destroying them, by draining the lands for cattle farming or exhausting them by rice 
monoculture (Renard et al. 2012, 39). Wetlands are also storage places of large quantities 
of carbon from the atmosphere. Maintaining them will help keeping the carbon stored for 
a longer period (Renard et al. 2012, 39). 
  Raised field farming also has economic advantages. Because of its water 
conservation features the raised fields can extend the productive season of cultivation 
with one to two months, this can sometimes lead to double the cropping compared to non-
raised fields (Janusek and Kolata 2004, 409). 
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Figure 12. Comparison of the typical pampa environment and the human modified raised field environment. 
(Erickson 1993, 293) 
 
3.3.5 Research project  
 
Erickson and his colleagues started an experimental raised field project between 1981 and 
1986 in the Quechua speaking community of Huatta (Erickson 1998, 39. The 
combination of archaeological reconnaissance, archaeological excavations of the fields, 
agronomic studies and experimental archaeology makes this project an excellent example 
of applied archaeology.  
  Nine different field locations were chosen for the initial study of raised fields. 
These locations were chosen for their field type, different environmental conditions or the 
proximity to prehistoric habitation. The locations chosen were: Pocsillon, Viscachani A. 
Viscachani B, Faon, Jucchata, Ccoccope, Candile and Machachi. These excavations were 
conducted in the areas where the raised field rehabilitation projects were planned. Pancha 
A, Pancha B and Kaminaqa were chosen because of their proximity to habitation mounds 
(Erickson 1988a, 59). 
  Al trenches were excavated to the base of the deepest canal sediment stratum. 
These trenches were positioned perpendicular to the long axis of the canals and the field 
platforms, in order to expose the stratigraphy and obtain samples (Erickson 2013, 724). 
All trenches except for Candile, Machachi and Illpa were screened through a ¼-inch 
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mesh screen. Stratums in the profiles were mapped at a 1:100 scale. Soil and pollen 
samples were taken from each stratum. Artifacts were mapped and collected, and small 
samples were taken for thermoluminescence and radiocarbon dating (Erickson 1988a, 
65).  
   There is much debate about the dating of the origins, use periods and 
abandonment of the raised fields between different researchers. Erickson used different 
dating techniques in establishing a chronology of the use phases of the terraces. Stylistic 
and thermoluminescence dating techniques were used to date the pottery. AMS and 
radiocarbon dates were taken to date organic materials that were in situ in the 
stratigraphic layers. The dates are also based on indirect dating methods, looking at the 
association between the fields and settlements (Erickson 2013, 724). 
   After the excavation of the prehistoric raised fields, experimental raised fields 
were built. All the experimental raised fields were reconstructed based on the results from 
the excavations of prehistoric remains (Erickson and Candler 1989, 234). Before 
reconstruction the exact dimensions of the fields and associated canals were measured 
and marked to clearly define their borders (Erickson 1988, 206). The ancient raised fields 
were measured to derive the original spacing of fields and canals (Erickson and Candler 
1989, 234). The height of the reconstructed fields was dependent on the quality of the 
agricultural soils, but also on estimate changes in water level during the planting season. 
The final height varied between the 20 and 50 centimeters (Erickson and Candler 1989, 
234). Erickson stated that through the data of the excavations and the trial and error of 
raised field construction, raised fields now closely resemble the prehistoric fields (1988a, 
206).  
  He also states that the adaption of raised field farming in the area was “an 
unintentional result of the original experimental fields” (Erickson 1988a, 205). The 
construction of experimental raised fields was originally intended to gain more insights 
into functioning of raised fields as an agricultural practice, but adaption by the 
community provided the opportunity of studying the more social aspects of raised field 
farming, such as labor organization (Erickson 1988a, 205). This does not mean that it is 
possible to obtain the exact information on social structures in the past, but it does 
provide general information on the level of organization that is required for raised field 
construction and maintenance (Erickson 1988a, 206). This comparison with the past can 
be made mainly because some of the indigenous Andean concepts of social organization 
that are still intact in Huatta, such as faenas or minka.   
  Only tools, locally known to the farmers were used in the construction of the 
raised fields. These tools included a chakitaqlla (Andean foot plow), a waqtana (wooden 
cod buster), and a rawakna (small hoe). In this way local farmers would be able to 
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construct raised fields themselves in the future without mechanical tools that are often 
unavailable to them (Erickson and Candler 1989, 235-6). The first experiments conducted 
in 1981 were conducted on small parts of privately owned lands but later on also on 
communal lands.  
 
 Figure 13. Locations of raised field excavations and experiments ( figure by author after Erickson 1988a, 
13) 
 
The excavations have led to an understanding of the internal structure of the raised fields 
and to the dating of some of the structures to the Early Horizon. Beginning around 1000 
BC and ending around AD1450. It also provided insights into the course of agricultural 
systems over long periods of time and the population associated with them (Erickson 
1988a, 442).The archaeological experimentation contributed to knowledge of the crops 
cultivated, labor investments, field productivity, potential carrying capacity (Erickson 
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1988a, 443). 
   
Most of the experimental raised fields were planted with potatoes. In the first years of the 
experiments mostly popular local varieties were planted, these are less frost-resistant. In 
later growing seasons new improved varieties were introduced. Next to potatoes, 
experiments have also shown that other indigenous Andean crops such as tudeocas, 
ullucus, isañus, quinoa, cañihua, tarwi, and altiplano maize can be successfully grown on 
raised fields (Erickson 2002, 336). 
  As with the terraces, the raised fields are in relatively good shape, only used for 
minimal grazing after their abandonment. This means that the land can be used 
intensively without a major capital investment (Erickson 1998, 40). The experiments 
have shown that it takes on average 1 work day of five hours to construct 5m3 of raised 
field. The fields need to be improved and rebuild every 10-20 years (Erickson 1988, 237). 
The quality of the raised fields and the time in which they were constructed is highly 
dependent on the interest of the farmer in the use of raised fields (Erickson 1988a, 223).  
 The experimental raised fields have shown an increase in productivity of two to 
three times higher than the traditional used fields (Erickson 1998, 40). It was also shown 
that the fields were able to produce sustainable harvest for up to six years in a row, 
without fallow periods (Erickson and Candler 1989, 240). There were no chemical 
fertilizers or pesticides used for the growing of potatoes (Erickson 1988a, 245).  
  Calculations made, based on the labor investment, show that a family of 5 could 
have worked 54 days a year to maintain a hectare of raised fields. It is estimated that one 
hectare of raised fields can support 18.75 people (Erickson 1988a, 252). This means that 
the raised fields were not only used as a form of subsistence farming but also produced a 
surplus of agricultural products (Erickson 1988a, 252).  
 
3.3.6 Social context for abandonment and reuse 
 
Erickson lists various factors that have contributed to disappearance of raised field 
agriculture in the first place. One of the main reasons is the exploitation of the local 
population, first by the Inca and afterwards by the Spanish colonists. The latter has led to 
the breakup of the Andean ayllu system and the breakdown of communal landholdings 
and the sectorial fallow system. The establishment of large haciendas and the introduction 
of European sheep and cattle has also contributed to the disappearance of raised field 
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agriculture (Erickson 1988a, 450).  
   
Raised fields are nowadays situated in a different social, political and economic situation 
than back when raised fields were first farmed. Erickson has listed various factors that 
explain why raised fields are not always being adopted as a farming strategy by the local 
farmers, and why some raised fields have been abandoned shortly after their construction.  
 First of all, the labor that goes into the construction of raised fields is quite high 
and in order to make a living farmers often engage in off-farm activities that provide an 
additional source of income. Many farmers in the area nowadays rely on raising livestock 
as a source of income. Combining the razing of livestock and the farming of raised fields 
proves to be difficult. Grazing animals destroy the crops and decrease the soil quality. 
However, animals have a higher market value which makes them often preferred over 
farming raised fields (Erickson 2003, 191). 
  Shortly after the raised field project, the practice of rehabilitating ancient raised 
fields was taken on by many different NGOs. They promoted the adoption of raised field 
farming by offering incentives to farmers. Some examples are offering low wages, seeds, 
food and tools (Erickson 2003, 191). This sounds positive, but Erickson has found that in 
many cases this has had the opposite effect. Because farmers are offered wages in 
exchange for adopting raised fields as a farming practice, they often feel that they 
themselves do not benefit as much as the organization that is offering the incentives. In 
addition, many of the NGOs that have promoted raised fields did not have the right 
knowledge of the practice. This has led to extra labor and sometimes the destruction of 
existing fields (Erickson 2003, 192). However, political unrest has caused the 
abandonment of the fields by many international development agencies. This has caused 
an overall decline in raised field construction (Erickson 2003, 192). 
  The social organization of large communities in constructing raised fields is often 
difficult. Erickson has found that large projects that require community involvement often 
lead to internal tensions (Erickson 2003, 193). In addition, raised field farming is also 
limited to certain locations. In Peru many raised fields are constructed on communal 
lands but in Bolivia most of the raised fields are built on private fields. When the 
successes of raised field farming on private lands became apparent, many landowners 
withdrew their permission for raised field farming on their lands (Erickson 2003, 191). 
  Finally, not all raised fields that appear abandoned actually are. Many fields may 
also be under fallow, some fields lay fallow up to twenty years following more traditional 
cycles (Erickson 2003, 191). 
44 
 
 
 
3.3.7 Projects self-evaluation  
 
In 1986 around 30 hectares of raised fields were reconstructed. Because of its success, the 
raised fields project was partially taken over by a program by the Peruvian government 
(Erickson and Candler 1989, 235). In 1986-87 Ignacio Garay-Cochea, an agronomist 
working on raised fields experiments, led a government sponsored program with 10 
Quechua communities in and by 1989 around 100 hectare of raised fields were restored 
and used for production. Farmers also started to use the raised field technology 
independently building fields on private land (Erickson 1988b, 15). Now over 50 
communities have reinstalled around 300 ha; additional projects have begun in the 
amazon region of Bolivia (Erickson 1996, 174).  
  Part of the successes of the project can be contributed to the continuity of 
traditional cops, tools and social organization (Erickson and Candler 1989, 241). The 
technology of raised fields is indigenous to the area but was completely forgotten by the 
time of the raised fields project. Therefor it is like a new technology to the local farmers 
(Erickson and Candler 1989, 242).  
 
3.4 A comparison of the two case studies. 
  
In the following section a comparison of the two case studies will be made. The 
comparison will look at different aspects of the research. These aspects include the 
approach used in researching pre-Columbian agricultural practices, the differences in 
location, and the differences in costs and social organization. 
3.4.1 Approach 
 
The two projects are very similar in many aspects. They are both set in the Central Andes 
and were initiated in the 1970s. Ann Kendall, a British archaeologist, and Clark Erickson, 
an archaeologists from the United States, initiated their research from an archaeological 
interest. They both realized that  their research had the potential to do more than 
contribute to archaeological knowledge, but that the results of their studies could be used 
to improve the livelihoods of the local farming communities. 
  Their research methods can be seen as a counter-movement against the green 
revolution that took place in the 1960-1970’s. The latter tried to solve the problem of 
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feeding an increasing population by introducing new technologies and high yielding 
crops varieties. Most of the agriculture of the green revolution was characterized by 
monoculture to produce large quantities of food as fast as possible, relying heavily on 
chemical fertilizers and pesticides (Conway and Barbier 1990, 12). Even though Kendall 
and Erickson eventually also want to find solutions to rural poverty and food scarcity, 
their approach is opposite of that of the green revolution. They have relied on the use of 
indigenous, traditional and locally available materials and tools, promoting the use of 
various (often indigenous) crops to contribute to a healthier ecosystem. Their approach 
corresponds more to current trends in development, acknowledging the importance of a 
healthy ecosystem in agricultural production. 
Archaeological research has been at the base of both projects. Excavations and 
archaeological surveys have shed light on the construction and use of the terraces and 
raised fields. The excavations have also provided insights into a basic chronology. The 
archaeological research was supplemented environmental and agronomic studies. 
  The main difference in their approach is not caused by the methods they used but 
by the extent to which the knowledge of the pre-Columbian practices was still existent. 
The Cusichaca Trust studied the remains of abandoned terraces. From the beginning of 
the project, the goal was to rehabilitate these terraces for contemporary and future use. 
Even though most of the terraces were out of use, the knowledge of terrace farming as an 
agricultural practice has never disappeared. Terraces remained sporadically farmed, 
however, they were not used to their fullest extent. 
  This was not the case for the raised fields. All previous knowledge of raised field 
farming had disappeared from the area. This meant that all the information about this 
farming practice had to come from archaeological research. The rebuilding of ancient 
raised fields was in the first place meant as an experimental tool to gain more insights 
into their functioning. The successes of these experiments have eventually led to a larger 
rehabilitation project. The rehabilitation of the raised fields can be seen more as an 
incidental side effect of the archaeological research, whilst the rehabilitation of terraces 
was a conscious decision to which prior research was directed. 
  Both projects have applied a bottom-up method in the rehabilitation of the 
terraces and raised fields. Indigenous knowledge is central in their approach. For the 
rehabilitation they made use of traditional Andean tools and locally available materials. In 
this way the farmers are not dependent on expensive technology and exotic materials they 
can often not afford. This provides the local farmers with all the attributes they need to 
continue their practices autonomously after the supervision of the projects has seized. 
  The Cusichaca Trust has over the years initiated many more rural development 
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projects, not solely focusing on the rehabilitation of ancient terraces and their associated 
irrigation systems but also on other aspects of rural development. Some examples of these 
projects are: providing potable water, initiating tree planting programs and promoting 
organic agriculture (Cusichaca Trust n.d., Agricultural Expansion in the Andes- 
Highlands of Peru). The focus of the raised field project by Clark Erickson has remained 
on the agricultural practice. 
3.4.2 Impact 
 
The location plays a key factor in the application of agricultural practices. Terraces and 
raised fields are adapted to very different environments. Raised field agriculture can only 
be practiced in wetlands and in partially or completely inundated areas. Terraces on the 
contrary are adapted to the steep slopes of the Andes mountains. The application of 
terrace farming can have a bigger impact on agricultural sustainability in the region, 
based solely on their geographical extent. There are simply more areas with slopes that 
are suitable for terrace framing than wetland areas in the Central Andes. 
  However, apart from the geographical extent, they both have some interesting 
attributes that can contributes positively to their impact. Even though wetlands might be 
less abundant in the Central Andes than mountain slopes. Wetlands contribute to locking 
away much of the carbon emissions. Practicing raised field agriculture appears to be 
benefiting the wetland ecosystem more than other agricultural practices such as 
monocropping or the conversion of wetland into land used for gazing. Raised field 
agriculture could therefore possibly contribute to preserving the special qualities of the 
wetland environment (Renard et al. 2012, 39). 
  Another benefit of rehabilitation raised fields but especially of terraces is that 
most of the agricultural infrastructure already exists. A large amount of the agricultural 
greenhouse gases (GHGs) are caused by the conversion of natural environment into 
productive farming lands, especially in South America (Smith et al. 2007, 505). The 
rehabilitation of ancient practices might play a small role in reducing some of the 
agricultural GHGs since the convergence of natural land into productive farmland has 
already taken place in the past. Restoring and using existing terraces could prevent some 
natural areas from being converted to extra agricultural lands. 
 
3.4.3 Costs and social organization  
 
One of the biggest obstacles in trying to reintroduce pre-Columbian farming practices in 
the Central Andes encountered by both projects are the changes social organization that 
took place after the arrival of the Spanish. These changes in social organization 
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complicate the organization of labor that is needed in these types of projects. Both the 
Cusichaca Trust and Clark Erickson have shown that it is possible to organize large 
projects that rely on community participation. However, most difficulties arise after the 
supervision over the projects has decreased and the local communities are left to manage 
their own agricultural practices. In pre-Columbian times the organization of labor was 
based on reciprocity (Erickson 2002, 325). There were different customs in place that 
allowed for the execution and management of large projects such as the construction and 
maintenance of terraces and raised fields. Some examples of these customs are faenas, 
organized days in which community members work together for the service of the 
community (Erickson 2002, 325) or the practice of Minka, in which a sponsor “pays for 
the labor in food and drink” (Erickson 2002, 325). Nowadays there are not enough 
incentives for the large amounts of manual labor that are involved in the construction and 
maintenance of large agricultural systems. This has in both cases led to difficulties in 
continued use of the agricultural practices leading to abandonment not long after their 
rehabilitation. 
  However, there are also differences in the social organization needed for the 
revival of ancient farming methods. The experimental raised field research by Erickson 
has shown that raised fields are best managed by small groups, such as a single family. 
This is because the water in the canals between the raised fields is mainly provided by 
groundwater, rainwater, and the lakeshores. Therefore, it is possible to manage this 
without the need of centralized irrigation that is often used for terraces (Erickson 2003, 
193). Terraces often use a single water source that provides irrigation water for multiple 
terraces through a systems of canals. This calls for a more centralized organization in 
using the terraces compared to raised fields. 
  Also the construction of terraces and raised fields requires a different amount of 
labor and organization. Whole communities were brought together to restore the ancient 
terraces and associated irrigation canals. This is different for raised fields that can be 
constructed by a single individual. Because of the differences in the social organization 
required for raised field and terraces rehabilitation, adaption of raised field farming on a 
larger scale might have an advantage over the rehabilitation of ancient terraces. Raised 
fields could have the possibility of being more easily adapted by individual farmers when 
not involved in a project promoting the technology. 
  Other differences between the two projects can be found in the financial costs. 
The Cusichaca Trust has provided some clear indications about the costs that are related 
to the restauration of old terraces. These costs are highly dependent on the state of the 
terraces and associated irrigation channels. This can vary from around 500 dollars per 
hectare to 5000 dollars per hectare (Kendall and Rodriguez 2009, 238). The costs of 
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construction of raised fields is still ambiguous. However, Erickson has suggested that the 
costs for building raised fields is relatively cheap when the costs are spread out over 
several years 
3.5 Conclusions 
 
Clark Erickson and Ann Kendall have shown that archaeological research can contribute 
considerably to rural development in the Central Andes. Both projects, developed from an 
archaeological interest have reintroduced ancient agricultural practices in the area. In this 
was they have shown that there are still many valuable lessons to be learned from the 
past, that can contribute to solving some of the big issues such as rural poverty. 
  The archaeological aspect of their research has provided information that could 
not be uncovered otherwise. Excavations have obtained information about the use and 
construction phases of the agricultural practices and produced relative and absolute dates. 
The raised fields experiments have contributed to knowledge about the social 
organization of raised field farming. Approached from a bottom-up perspective, both case 
studies show the importance of community involvement and the use of locally available 
materials and indigenous tool for better acceptance by the local community.  
  Terraces and raised fields are very well adapted to the harsh conditions of the 
Andean environment. the literature on these ancient agricultural practices often mentions 
their sustainability. The next chapter will look at to what extend there can be made 
assumptions about the level of sustainability of these two ancient agricultural practices, 
when reintroduced on a modern context. Equal focus will be put on the ecological, as well 
as the economic and social aspects of sustainability. 
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Chapter 4. Sustainability analysis of the two case studies. 
  
4.1 Methods for exploring the sustainability of the two case studies 
  
The attributes set by Sydorovych and Wossink (2007, 13) will be used in exploring the 
sustainability of the pre-Columbian farming practices highlighted in the case studies. The 
attributes provide a clear overview of sustainable agriculture based on the inputs of 
different stakeholders. Both case studies will be analyzed for their ecological, economic 
and social components. This will help provide a more complete overview of the possible 
sustainability of the pre-Columbian agricultural practices of terrace farming, also 
providing more insights in their possible functioning in a modern context. The tables 
below are an adaptation of the original tables provided by Sydorovych and Wossink 
(2007, 13-14).  
  The two case studies are based on archaeological, experimental and 
contemporary research, leading to the reconstruction of ancient practices. Most  data for 
this comparison comes from the literature. The data from about the rehabilitated terraces 
is supplemented by personal communication with members of the Cusichaca Trust. 
Where information in the literature is lacking or unclear, the comparison will be made 
based on educated assumptions.  
  The two cases are compared to a situation in which the traditional agricultural 
practices are not used, so raised fields will be compared to agriculture on non-raised 
fields and terraces compared to non-terraces sloped. This does not mean that the use of 
new terraces is less productive compared to the use of rehabilitated terraces. Most 
information that comes from research of  rehabilitated terraces can also be applied to new 
terraces. Additional information concerning the functioning of terraces in an Andean 
context is taken from the research of modern terraces by Posthumus (2005; 2007) and 
Posthumus and Stroosnijder (2009). 
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4.2 The ecological perspective 
 
This section will look at the ecological components of agricultural sustainability. Much of 
the information about the ecological functioning of raised fields farming and terrace 
farming comes from extended archaeological research of the two systems. However, 
some attributes will be analyzed based on research of modern terraces. 
Table 1. Comparison of ecological component of sustainable agriculture.  
Ecological Component Raised fields at Huatta in the basin of 
Lake Titicaca 
Terraces in the Cusichaca valley  
Soil quality Enhanced. Raised fields contribute to soil 
improvement. The top soil depth is 
increased by using soil from the adjacent 
canals, increasing the soil fertility 
(Erickson 1996, 173-4).  
Enhanced. Terraces are seen as soil 
conservation measures in the Andes. 
Preventing erosion and run-off (Posthumus 
and Stroosnijder 2009, 265).  
Surface water quality 
(Streams, rivers, lakes) 
Possible enhanced by the occurrence of 
water plants. Canals are periodically 
cleaned.   
The rehabilitation of terraces does not 
necessarily improve surface water quality 
since water in channels is often polluted 
and contains diseases. However, the 
Cusichaca Trust has invested in the 
availability of clean drinking water from 
high altitude springs (Cusichaca Archive 
N.D., 11) 
Ground water quality 
(wells) 
No information   No information  
Argo and natural 
biodiversity1  
Enhanced, raised fields contribute to 
increase in natural biodiversity and 
improvement of the wetland environment. 
Introduction of different aquatic plants 
and fish species in the canals (Erickson 
1988, 9). 
Also introducing agrobiodiversity by 
cultivation different and more plant 
species.  
Enhanced. Improved soil conditions that are 
the result of terracing allow for crops to be 
sown more densely and different types of 
crops can be cultivated (Posthumus 2005, 
111). Possibility of cultivating newly 
introduced crops and genetic varieties of 
existing crops (Kendall and Rodriguez 
2009, 172). 
Efficiency of natural 
resource use (water, 
High, the raised fields provide better 
drainage of water in times of water excess 
High, rainwater is now captured by the 
terraces instead of wasted through run-off 
                                                          
1 Agro biodiversity can be seen as a subset of biodiversity. It can be defined as the variability and 
variety of all species that are directly and indirectly used for food and agriculture. This includes 
the genetic variety of a specie but also the diversity of species. It also includes the diversity of 
species that support the production of food and agriculture such as pollinators and micro-
organisms (FOA 2005, 1)    
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energy) but can also serve to conserve water, 
extending the planting season with 1-2 
months (Janusek and Kolata 2004, 409. 
The heat of the sun is also conserved by 
the water in the canals, preventing the 
risks of frost at night (Kolata 1991 ,103).  
and erosion. Water from wells and natural 
springs is in some cases led in through a 
system of channels, irrigating the terraced 
fields. As with the raised fields, the energy 
of the sun is also better conserved with the 
use of terraces. The stone retaining walls 
are heated up during the day, creating a 
micro-climate that is a couple degrees 
warmer than non-terraced fields (den 
Ouden, pers. comm.). This warmer micro 
climate prevents the risks of frost at night.  
Solid waste disposal  There are not much materials needed for 
constructing raised fields. Canals are dug 
alongside the fields and the soil from the 
canals is used to elevate the field 
(Erickson 1996, 173). When in use the 
canals are periodically cleaned and the 
contents are again recycled on top of the 
field to create a large topsoil containing 
more nutrients (Kolata 1991, 103).   
The materials used in constructing terraces 
are all natural and locally available. These 
materials include stone, sand and gravel but 
also less conventional materials such as 
llama grease and the juice of the gigaton 
cactus (Kendall 2005, 211). Many of the 
materials were recycled in the rehabilitation 
process Kendall 2005, 212)  
Air quality  Wetlands are one of the top carbon 
locking ecosystems. By working using 
raised fields for agricultural production 
more carbon will stay stored then when 
converting the wetland into the other 
agricultural land (Renard et al. 2012, 39). 
There is not much information on the 
improvement of air quality. However, the 
rehabilitation project made use of 
traditional Andean tools and manual labor, 
instead of mechanical tools. Terraces 
farming improves the soil conditions which 
in their turn contribute to carbon 
sequestration (Posthumus 2007, 2).  
Greenhouse gas 
Emissions2 
The building of raised fields relies on 
traditional non-mechanical tools which 
already contributes to less greenhouse 
gasses. However, with agricultural 
practices there is always an amount of 
greenhouse gasses released into the air. 
As mentioned above, maintaining a 
healthy wetland environment can lead to 
There are always greenhouse gasses 
released into the air with agricultural 
production. As mentioned in the previous 
section, the amount of greenhouse gasses is 
limited by the use of non-mechanical tools 
and the use of manual labor. Also improved 
soil condition contribute to increased 
capture of carbon from the atmosphere. 
                                                          
2 Greenhouse gasses emitted with agricultural production include nitrous oxide (N2O) through the 
use of organic and synthetic fertilizers, increase in nitrogen fixing crops and the management of 
agricultural soils. Methane (CH4) caused by raising cattle and the management of manure. Carbon 
dioxide (CO2) (www.epa.gov).  
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increased carbon sequestration.  
 
4.3 The economic perspective  
 
This section will focus on the economic context of sustainable agriculture. It is difficult to 
make a true comparison for most of the indicators because there are not many studies 
concerning the economic aspect of pre-Columbian agricultural practices and the way they 
function in modern-day society.  
Table 2. Comparison of economic component of sustainable agriculture.  
Economic component Raised fields at Huatta in the basin of 
Lake Titicaca 
Terraces in the Cusichaca valley  
Prospects for Long-run 
profit 
Prospects for long run profit are better. 
Raised field agriculture improves 
productivity and allows for the cultivation 
of different crops.  
Prospects for long run profit are better. 
Increased soil conditions allow for a higher 
productivity (Posthumus 2005, 111). 
However, access to a market is crucial and 
this is often a problem in rural areas where 
the rehabilitation of terraces takes place.  
Income Stability and 
predictability  
Enhanced, raised fields increase 
production compared to non-raised fields. 
Raised fields are also well adapted to the 
wetland environment providing a buffer in 
case of more extreme weather conditions. 
Making harvest more predictable and 
therefore providing more income stability.  
Enhanced, terraces do not only increase 
production compared to non-terraced fields 
but the physical attributes of terraces 
contribute to a more resilient environment 
in the face of climatic change and extreme 
weather conditions. Making the harvest 
more predictable than otherwise with non-
terraced fields.  
Reliance on purchased 
inputs (fertilizers, 
pesticides and fuels) 
Not very high. One-time investment of 
purchased inputs for construction of 
raised fields and  seeds for cropping. 
Not very high. One-time investment of 
purchased inputs for  rehabilitation of 
terraces and  seeds for cropping. 
Sufficiency of cash flow to 
cover operational expenses 
on time.  
No information  No information  
Reliance on subsidies or 
payments (governmental 
programs).  
High, many farmers rely on subsidies 
from the government or NGO’s to start 
building and maintaining raised fields 
(Erickson 2003, 191).  
High, many farmers rely on possible 
government subsidies or NGO’s to start 
rehabilitating some of the terraces. 
Terracing is a large investment and can 
sometimes cost up to 500 to 5000 UDS per 
hectare (Kendall and Rodriguez 2009, 238).  
Extend of government Not many government regulations. Raised Not many government regulations. Terrace 
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regulations  field farming was accepted by the 
government as local sustainable 
development (Erickson 2003, 188). Most 
development of raised fields came from 
non-governmental organizations.  
rehabilitation project was initiated by the 
Cusichaca Trust (a charitable Trust).  
 
4.4 The social perspective 
 
The next section will focus on the social aspects of sustainable agriculture. This section is 
divided into two components: The internal social component and the external social 
component. The internal social component looks at the different social aspects of 
agriculture that concern the farmers such as stress and health risks. The external social 
component looks at the wider social effects of the farming practices for the community 
and the consumers.  
 
Table 3. Comparison of the internal social component of sustainable agriculture.  
Internal social 
component  
Raised fields at Huatta in the basin of 
Lake Titicaca 
Terraces in the Cusichaca valley  
Physical stress There is a fair amount of physical labor 
included in constructing raised fields. 
However, from the experiments 
conducted by Erickson in the Huatta 
region, it became clear that it is possible 
for a single farmer to construct 5m3 of 
raised fields in one working day (day 
consist of 5 hours). When the fields are 
constructed they are fairly simply to 
maintain and farm (Erickson 2002, 336).  
A lot of physical labor in reconstruction the 
pre-Inca and Inca terraces. In the years of 
the Cusichaca Trust, whole communities 
worked together for days to construct the 
fields (den Ouden pers. comm.). 
Nevertheless, as with the raised fields not as 
much work to maintain once they are 
reconstructed.   
Mental stress No clear information, but possibly less. 
Raised fields increase the production 
compared to non-raised fields. Risks of a 
failed harvest are less, therefore less 
mental stress.  
No clear information, but possibly less. 
terraces increase the production compared 
to non-raised fields. Risks of a failed 
harvest are less, therefore less mental stress. 
Possible health risks No information  No information  
Continuity of farm in 
family  
Very likely.  
The first problem would be if the fields 
remain to be farmed. It is not likely that 
the fields will be taken over by other 
Very likely. 
Constructing or even renovating old 
terraces is a very large investment in terms 
of time and physical work. Therefore, most 
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families often the fields are abandoned 
again in the near future (Erickson 2003, 
191). According research by Erickson 
raised fields are best managed on a small 
scale by a single family.  
likely that the terraced fields stay in the 
family. Except when other economic 
possibilities arise that seem more profitable, 
even on a short term. 
 
Table 4. Comparison of the external social component of sustainable agriculture.  
External social 
component 
Raised fields at Huatta in the basin of 
Lake Titicaca 
Terraces in the Cusichaca valley  
Safety of product to 
consumers 
Relying more on natural then chemical 
fertilizers.  
Less chemical fertilizers needed.  
Product nutrition, quality, 
taste 
Good  Good  
Impact of production on 
local economy  
The use of raised fields has largely 
impacted the local community. All 
previous knowledge of raised field 
farming had disappeared from the area 
before reintroduction.   
Large impact, most terraces were 
abandoned in the area and not much terrace 
farming before rehabilitation.   
Standards of farm and 
animal care  
No information  No information  
Visual attractiveness, 
odors, noise. Prevention of 
unpleasant odors and 
noise.  
Considered pleasant by most.   Considered pleasant by most.  
Use/sharing information 
by the farmer 
Information on how to create the fields is 
shared in booklets, videos and by the 
government. Available in different 
languages including indigenous languages 
Quechua and Aymara   
The Cusichaca Trust has distributed many 
folders and information booklets on the 
restoring on terraces. Available in different 
languages including indigenous languages 
Quechua and Aymara   
Availability of public 
recreational activities 
(hunting, fishing, 
ecotourism).  
Lake Titicaca is more and more becoming 
a hotspot for tourism.  However, by far 
not all tourism can be labeled as 
ecotourism. 
A lot of tourism in the area because of its 
proximity to Cuzco. However, by far not all 
tourism can be labeled as ecotourism.  
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4.5 conclusions 
 
Through the analysis of the different components of agricultural sustainability, it becomes 
evident that there is still a research gap concerning the level of sustainability of the two 
pre-Columbian agricultural practices. Only the ecological components, with the exception 
of groundwater quality, could be answered to some extent with certainty, using the 
information from the research of the two projects. From this can be concluded that the 
pre-Columbian practices are ecologically more sustainable than most current agricultural 
practices in the Central Andes. However, this is not the case for economic and social 
sustainability. These components could be partially answered, but mostly these are mere 
assumptions derived from some of the data provided by the research of the two case 
studies.   
  More research directed at the long-term social and economic effects is needed in 
order to say anything concrete about the agricultural sustainability of farming on 
rehabilitated terraces and raised fields. This does not come as a surprise since the two 
projects have originated from an archaeological background instead of a social or 
economic background. The archaeological component of the studies has also to some 
extent guided most of the research objectives.   
. 
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Chapter 5. Discussion and conclusion  
 
 
 The aim of this research was to investigate how knowledge of pre-Columbian 
agricultural practices can contribute to more sustainable agriculture in the present and 
future. Four additional sub-questions were employed in exploring this question. These 
sub-questions are: When can agriculture be seen as sustainable? What are the most 
common agricultural practices in the Central Andes today? What evidence of agricultural 
practices in the do we find in the archaeological record? And finally, what are possible 
ways to integrate information from past practices into the future? 
 
5.1 A review of the methodology  
 
 A in depth literature study was conducted to answer the research questions. The main 
sources used in this study were publications by the Cusichaca Trust, Clark Erickson and 
other related scholars. The literature was supplemented by personal contact with two 
members of the Cusichaca Trust. The two case studies were first analyzed separately and  
afterwards compared to each other. Thereafter, the two case studies were analyzed for 
their agricultural sustainability. This analysis was conducted using the sustainability 
attributes employed by Sydorovych and Wossink (2007) as a framework.   
  The analysis of the two pre-Columbian farming practices with the contemporary 
agricultural sustainability indicators have provided a new viewpoint for approaching the 
rehabilitation of ancient agricultural practices. In this way there is looked beyond the 
basic functioning of the practices in a modern context, at how they can function as 
sustainable as possible.  
  The literature review has provided much information about the initial years of the 
projects and their results. However, it is difficult to make statements based solely on a 
literature review, about the ultimate successes of the projects by the Cusichaca Trust and 
Erickson. Much of the achieved results that are highlighted in both projects, such as the 
amount of rehabilitated infrastructure, only provide a small window into their successes 
as whole. Most of the literature written about the projects is based on results from the 
initial years of the projects. It proved difficult to discover the current status of both 
projects, even when talking to some of the people that were actively involved.  
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5.2 Answering the research questions 
  
As seen in the previous chapters, sustainable agriculture is defined in many ways. 
However, most definitions focus mainly on the ecological component of agricultural 
sustainability. In this thesis sustainable agriculture is approached from three different 
viewpoints: ecological, economic and social sustainability. The economic and social 
component are as important as the ecological component, without one another it is not 
possible to speak of a sustainable system.  
  The indicators by Sydorovych and Wossink provide a useful framework for 
analyzing agricultural sustainability. However, their research provides a methodology for 
selecting sustainability attributes and was conducted in North and South Carolina. Some 
of the indicators can be different when their approach for selecting attributes is applied in 
the context of the Central Andes. 
  The analysis of the agricultural sustainability of both rehabilitated terraces and 
raised fields has indicated that these practices are mainly more ecologically sustainable 
than most current agricultural practices in the Central Andes. Archaeological research has 
shown that the ancient agricultural practices that have been developed over hundreds of 
years are well adapted to the environment and can sustain continuous yields throughout 
the years. Archaeology has also provided insights into the capacity of the fields and 
terraces, showing that they can both sustain a large population.  
  However, there is an information gap when it comes to the economic and social 
components of agricultural sustainability. On the one hand this is caused by the 
archaeological nature of the research and the related research objectives. Both the 
Cusichaca Rehabilitation Project as well as the Raised Fields Project, are based mainly on 
archaeological research and the technical applications of this research. Therefore, it does 
not come as a surprise that there is no extended research conducted into the social and 
economic functioning of the ancient systems in a modern context. On the other hand, this 
information gap is also the result of the time in which the projects were active. Both 
projects originated at the end of the 1970s but are now not actively managed anymore. 
The timespan in which the projects were actively involved with the local community is 
not long enough to draw well-grounded conclusions about their social and economic 
sustainability.  
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Agriculture in the highlands of the Central Andes is nowadays is very heterogenous. Most 
agriculture is characterized by small-scale farms that mainly engage in subsistence 
farming. Most farmers rely on off-farm activities for additional sources of income. This 
situation poses strong contrast with the pre-Columbian era. Most of the ancient 
agricultural infrastructure in the area has been abandoned or has disappeared since the 
arrival of the Spanish colonists. The knowledge of ancient farming practices has been 
partially or completely lost, as was the case with raised fields. Farmers are moving to 
urban centers in search of better opportunities leading to further fragmentation of the 
central highlands.  
  These changes can be in the first place contributed to introduced foreign diseases 
and exploitation after the arrival of the Spaniards. This has in their turn led to the 
disappearance of traditional Andean social constructs such as the mit’a, and their 
replacement by western ideas such as market forces and capitalism. Labor based on 
reciprocity has been replaced by wage labor, and community efforts in maintaining large 
agricultural systems that can provide long-term solutions for rural development are put 
aside for short-term money generating opportunities.  
  These differences in social organization between the past and present are 
encountered by both projects, and pose one of the biggest challenges in rural development 
today. Especially, large scale projects such as the rehabilitation of terraces or the 
construction of raised fields encounter difficulties because of these changes in social 
organization. Terraces, even more than raised fields, rely heavily on communal effort to 
maintain their productivity. It is key for the sustainability of the project to maintain this 
community effort and interest, otherwise the practice will soon collapses after the initial 
rehabilitation. A practice like raised field farming might be more successful when 
introduced on large scale because it does not rely as much on the participation of a large 
groups. Raised fields are best constructed and managed by a single family or a small 
group of people. 
 
Evidence of pre-Columbian agricultural practices has already been recorded extensively 
by scholars like Denevan. Research has been conducted analyzing and describing the 
different types of agriculture practices in the past such as terraces, raised fields and 
cochas. However, the in-depth analysis of the two case studies has provided more 
information on how archaeological research is employed to gain insights into the working 
of pre-Columbian agricultural practices. 
  Information about the different construction and use phases can be inferred from 
the excavations of the terraces and raised fields. The collection of organic samples and 
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artifacts during the excavations have led to absolute and relative dates of the use and 
building phases. These dates have shown that terraces and raised fields have functioned 
over a very long period of time. The experimental research on the raised fields has 
provided insights into their functioning in the highland environment, as well as the 
knowledge of the social organization, such as the required labor involved in the 
construction and maintenance of raised fields.  
  Without the archaeological component of the research it would not have been 
possible to collect the type of information that was necessary for their rehabilitation. 
Archaeology especially proves valuable when all knowledge of certain agricultural 
practices is lost, such as with the case of the raised fields. Archaeology can bring back 
parts of the past that are forgotten but than can be very useful for future development. 
  It is not possible to acquire all information necessary for the implementation of 
ancient agriculture, just from archeology. Therefore, archaeology should be supplemented 
by other disciplines such as agronomic and social studies in order to make the research of 
ancient agricultural systems as complete as possible. Also, the large time depth that 
archaeology provides, makes it possible to conduct studies that analyze the long-term 
sustainability of a practice. In this was archaeology as a discipline can provide 
meaningful insights on how past societies have dealt with changes over time.  
 
Both cases studies have shown how past practices can be turned into contemporary and 
future applications. Both Clark Erickson and Ann Kendall have led very ambitious 
research projects that have not only contributed a lot to the knowledge of ancient 
agricultural systems but also have improved the social conditions of many farmers in the 
Central Andes.  
  Both projects have highlighted the value of a bottom-up approach in integrating 
past practices into a modern context. The use of traditional tools and locally available 
materials, together with the high level of community involvement has to some extent  
proved to be an effective way of reintroducing ancient agricultural practices. This bottom-
up approach has led to a better acceptance of the introduced practices by the local 
community. This is very important in developing programs that introduce new 
agricultural practices, without this acceptance there is no successful implementation of 
the research.   
  However, additional research is needed in order to really see to what extent the 
two projects were successful on a long-term in implementing pre-Columbian practices in 
a modern context. The absence of more recent material gives and incomplete view of the 
course of the projects over the last years. An evaluation of the current state of the 
60 
 
rehabilitated raised fields and terraces would be interesting in providing more concluding 
information about their achievements. A reevaluation of these achievements can also 
benefit other future applied archaeological projects in the Central Andes or in other places 
in the world, learning from the successes and failures of these projects. Eventually it 
would be also interesting to learn about the impact of raised field and terrace 
rehabilitation when applied on a large scale. Making an assessment of the ecological, 
social and economic impact of the practices if all raised fields and terraces would be 
restored where possible. 
  Next to a reassessment of the projects, additional research would be in place 
focusing on the important but often neglected economic and social components of the 
rehabilitated agricultural systems. This can be approached by using the method proposed 
by Sydorovych and Wossink in an Andean context.   
 
The work of Ann Kendall and Clark Erickson is very valuable, and sets the stage for 
future applied archaeology projects all over the world. The projects can be viewed as 
successful in that they have attempted and succeeded to combine archaeological research 
with rural development, positively effecting the lives of the many farmers that were 
involved in their projects. They have showed that archaeology can have a true societal 
value and provide knowledge about the sustainability of ancient agricultural practices that 
cannot be inferred in any other way. Archaeological research cannot not provide 
information about all the different aspects of the functioning of an ancient system in a 
modern context. However, archaeological research and the projects by Clark Erickson 
and Ann Kendall do provide a valuable stepping stone to more sustainable agriculture in 
the present and future.   
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Abstract 
 
Climate change poses one of the biggest challenges of our times. One of the main 
contributors to climate change is agricultural production. The development of more 
sustainable agricultural practices is needed in order to mitigate the disastrous effects of 
climate change on future generations. This development can be approached from different 
disciplines. This thesis looks at the role archaeology can play in contributing to 
knowledge of agricultural sustainability. Therefore, the research question of this thesis is 
as follows: how can knowledge of pre-Columbian agricultural practices in the Central 
Andes contribute to more sustainable agriculture in the present and future? 
  The research question is answered through an in-depth literature study of two 
case studies. The first case study looks at a research conducted by the Cusichaca Trust, of 
pre-Inca and Inca terraces in the Cusichaca Valley. The Second case study looks at the 
raised fields in the basin of Lake Titicaca, a research conducted by Clark Erickson. Both 
studies have looked at ways that archaeological research of pre-Columbian agriculture 
can be reused in a contemporary setting. The case studies will also be analyzed for their 
agricultural sustainability, focusing on the three different components: ecological, 
economic and social sustainability.  
 This analysis shows that the pre-Columbian agricultural practices described in the 
two case studies are better environmentally speaking compared to current agricultural 
practices in the region. However, the analysis of economic and social agricultural 
sustainability proves to be incomplete and insufficient. This suggest that additional 
research has to be conducted in order to make any further statements about the 
implementation of pre-Columbian agriculture as a sustainable alternative for current 
agriculture in the Central Andes. The difficulties of implementing social and economic 
sustainability in the Central Andes partially arise from the changed social structures after 
the Spanish conquest.  
  Even though archaeology cannot contribute to knowledge about all the facets of 
sustainability, the discipline does provide valuable insights through its long time depth 
into past agricultural practices. This insights can be of great use for the development of 
more sustainable agriculture in the present and future.   
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